The metacestode stage of Echinococcus granulosus and Echinococcus multilocularis cause cystic echinococcosis and alveolar echinococcosis, respectively, which result in severe medical and veterinary problems. In this study, as an exploration of novel treatment agents against echinococcosis, we demonstrated that ampelopsin (AMP), which is extracted from Ampelopsis grossedentata and has been clinically used for treatments of various types of diseases including cancers for a long time, exhibited profound in vitro effect against E. granulosus protoscoleces and E. multilocularis metacestodes. Furthermore, in vitro cytotoxicity assay also demonstrated that AMP at the effective dose against E. granulosus protoscoleces and E. multilocularis metacestodes did not show significant toxicity to human hepatocytes. These results suggest that AMP has the potential as an alternative agent against echinococcosis.
doi: 10.1292/jvms. shrunken, with decrease of calcium precipitates. When the concentration of AMP increased to 160 µM, after 1 day of exposure, 14% protoscoleces were killed. Accordingly, the protoscoleces exhibited distortion, vesiculation and vacuolization in the scolex, and blebs on the tegument (Fig. 2) as well as a short and rapid tremor (data not shown), which normally remain motionless or move slowly and slightly. After 3 days treatment, 45% protoscoleces were killed and extensive damages on the protoscoleces occurred, such as severe distortion and contraction of the protoscoleces, collapse of suckers, and decrease of calcium precipitates. When the treatment time extended to 7 days, 100% of the protoscoleces became dead and showed complete destruction of the parenchyma. Clearly, the administration of AMP to protoscoleces showed profound dose-and time-dependent effects.
The evaluation of the efficacy of AMP against E. multilocularis metacestodes (Xinjiang isolate) was carried out as previously described [23] . The vesicles of metacestodes which reached expected diameters (2 to 4 mm) were distributed to separate culture with approximately 35 vesicles. At 36 and 120 hr of drug treatments, the culture supernatants were collected for measurements of Fig. 1 . Viability of Echinococcus granulosus protoscoleces following in vitro treatment with dimethyl sulphoxide (DMSO), nitazoxanide (NTZ), albendazole (ABZ) and ampelopsin (AMP). NTZ and ABZ (positive controls) were added at a final concentration of 40 µM. Protoscoleces were incubated in the presence of AMP for up to 7 days, and the viability was measured by trypan blue exclusion test. The corresponding numbers of viable and nonviable protoscoleces were counted in three wells for each concentration. Mean values of viability were derived from three experiments.
Fig. 2.
Morphologies of Echinococcus granulosus protoscoleces after treatment with albendazole (ABZ) and ampelopsin (AMP). Protoscoleces were incubated in the presence of 40 µM ABZ or 160 µM AMP. Protoscoleces in dimethyl sulphoxide (DMSO) control showed normal morphology during the culture period. White arrow points towards calcareus corpuscles (cc). At day 1 after treatment with ABZ, protoscoleces exhibited distortion and vesiculation (black arrow), and collapse of suckers (white arrowhead); at day 3 and 7, most protoscoleces were shrunken, with decrease of calcium precipitates. At day 1 after treatment with AMP, the protoscoleces exhibited distortion and vesiculation (black arrow), vacuolization in the scolex (black arrowhead), and blebs on the tegument (red arrowhead); at day 3, the protoscoleces exhibited severe distortion and contraction of protoscoleces, and collapse of the sucker (white arrowhead); and at day 7, protoscoleces were darkening and demonstrated complete destruction of parenchyma.
doi: 10.1292/jvms.19-0347 E. multilocularis alkaline phosphatase (EmAP) activity [24] . A 405 values were expressed as the mean ± standard deviation (SD).
Variance was analyzed by one-way ANOVA using SPSS 19.0 software. The results at 120 hr demonstrated a continuous increase of alkaline phosphatase activity from metacestodes during treatment with each drug (Fig. 3 ). The effect of AMP against metacestodes was dose dependent. At 36 hr of treatment, AMP at 40 µM resulted in a relatively lower increase of EmAP activity than ABZ at the same concentration. While when AMP increased to 100 µM, its effect on EmAP activity became similar to ABZ. The results indicated significant increases of EmAP activity in 400, 800 and 1,000 µM AMP treated groups versus the ABZ group. Scanning electron microscopes (SEM) ( Fig. 4A ) and transmission electron microscopes (TEM) (Fig. 4C ) demonstrated that the control metacestode vesicles had a typical structure: the outer acellular laminated layer was followed by a tegument and inner germinal layer. The tegument lied adjacent to the laminated layer, with distinct microtriches protruding well into the laminated layer. The germinal layer was composed of glycogen storage cells, undifferentiated cells and connective tissue. The metacestodes treated with AMP exhibited profound ultrastructural changes ( Fig. 4B and 4D ): the microtriches reduced dramatically and absent in most parts of tegument. The laminated layer had separated from the tegument. The germinal layer tissues showed a clear reduction in cell number, and in some areas, were completely destructed. Furthermore, we evaluated the cytotoxicity of AMP in human hepatocytes and hepatoma cells. The cells were added onto 96-well culture plates at a cell density of 10,000 cells/well and incubated for 24 hr at 37°C, 5% CO 2 . Then, AMP was added to the cultures at concentrations of 20, 40, 80, 160, 200, 400, 800 and 1,000 µM. ABZ was added to the cultures at concentrations of 5, 10, 20, 40, 80, 100, 160 and 200 µM. As controls, the cells were performed with culture medium containing 0.2% DMSO. Viability was examined 48 hr later using the MTT (3-(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) reduction assay [25] . A 490 values were read on an ELISA reader and the IC50 values were calculated in GraphPad Prism 5. The results exhibited that AMP had cytotoxicity in a concentration-dependent manner and the IC 50 value for AMP in human hepatocytes was 517.8 µM, which was far higher than in hepatoma cells (147.1 µM). For ABZ, the IC 50 value in human hepatocytes and hepatoma cells were 38.7 µM and 12.3 µM respectively. AMP at the effective dose against E. granulosus protoscoleces and E. multilocularis metacestodes did not show significant toxicity to human hepatocytes. Comparatively, ABZ exhibited significant cytotoxicity to human hepatocytes.
As a type of flavonoid extracted from A. grossedentata, ampelopsin has multiple functions in inflammation, oxidation, and cancer. Flavonoids and flavonoid-containing extracts possess in vitro and in vivo activities against a number of helminth parasites, such as Schistosoma mansoni [3, 11] , Fasciolopsis buski [12] , Haemonchus contortus [17] , Brugia malayi [13] and Raillietina echinobothrida [4] . In this study, our results demonstrated that AMP exhibited significant activities against E. granulosus protoscoleces and E. multilocularis metacestodes in vitro. Considering the prominent difference of IC50 between AMP and ABZ, which was over a dozen times, AMP really showed a safer and more potent efficacy against Echinococcus. In E. granulosus protoscoleces, AMP exhibited an in vitro efficacious activity at short times (Fig. 1) . In E. multilocularis metacestodes, SEM and TEM (Fig. 4) showed the ultrastructural damages of metacestodes, especially the germinal layer, which were closely correlated with the increase of EmAP activity (Fig. 3) . AMP triggered the release of high levels of EmAP activity from metacestodes after 36 hr treatment. At 120 hr, the EmAP activities in culture supernatants were higher than that at 36 hr though the increases were insignificant. The results revealed that it was in the early stage of incubation that AMP had promptly produced significant antimetacestodes effect. The characteristic of the quick-acting function of AMP was similar to other types of flavonoids, the effects of which on echinococcosis had been previously reported [19] . In addition, on ovarian cancer cell, AMP also exhibits in vitro anticancer activity at short times [20] . AMP has in vitro activities against E. granulosus and E. multilocularis, but its underlying mechanism of action is not clear and needed to be investigated in future studies. Some studies reported that AMP exhibits significant activity in inhibiting the proliferation of cancer cells via apoptosis induction associated with downregulation of Bcl-2 expression [20] and in suppressing tumor blood vessels by inhibiting the secretion of vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) [16] . In addition, other types of flavonoids exhibit the activity against helminth parasites, such as R. echinobothrida [4] and F. buski [12] , by influencing the nitric oxide synthase (NOS) activity and nitric oxide (NO) production. So, it was highly suggestive that AMP might share the same mechanisms in anti-echinococcosis activities.
As can be seen in Fig. 5 , in vitro cytotoxicity assays demonstrated that human hepatoma cells were much more sensitive than human hepatocytes to AMP. AMP has been shown to possess not only effective hepatoprotective activities, but also potent activities on treatment of various types of cancers including hepatocellular carcinoma based on many studies. Therefore, it is well known that AMP is not harmful to human normal cells [20, 29, 30] . It is worth noting that AMP at the effective dose against E. granulosus protoscoleces and E. multilocularis metacestodes did not show significant toxicity to human hepatocytes. However, in human hepatocytes, ABZ exhibited significant cytotoxicity. According to the suggested mechanisms, it is easy to understand the remarkable difference of cytotoxicity between AMP and ABZ, where AMP exhibited much less cytotoxicity to human hepatocytes versus hepatoma cells: ABZ plays role by inhibiting polymerization of tubulin that takes place in all organisms and Fig. 4 . The morphology of Echinococcus multilocularis metacestode under the scanning electron microscopes (SEM) and transmission electron microscopes (TEM). SEM of control metacestodes after 120 hr in vitro culture in medium containing 0.2% dimethyl sulphoxide (DMSO) (A) showed that the germinal cells had an intact morphology. LL, laminated layer; GL, germinal layer. Metacestodes treated with 400 µM ampelopsin (AMP) in 120 hr (B) showed massive signs of destruction and most of the GL cells were detached from the LL. TEM of control metacestodes (C) showed an intact structure. Teg, tegument; Uc, undifferentiated cell; Gly, glycogen storage cell. White arrows indicated microtriches. Metacestodes treated with 400 µM AMP in 120 hr (D) showed profound ultrastructural changes: the microtriches reduced dramatically and absent in most parts of tegument. The LL had separated from the tegument. The GL tissues showed loose arrangement and in some areas, were completely destructed.
cells including both human hepatocytes and hepatoma cells, while AMP probably plays its role by complete different ways such as NOS activity and NO production, which does not equally act on both the cells. Meanwhile, it is well-known that, the proliferation of Echinococcus metacestodes is mainly in the liver of humans and other hosts, leads to severe destruction in liver. Therefore, as a natural compound extracted from A. grossedentata, the relatively low toxic effects and hepatoprotective properties of AMP show obvious advantages for the treatment of echinococcosis.
In conclusion, the present study demonstrates that AMP exhibits profound activities against E. granulosus protoscoleces and E. multilocularis metacestodes in vitro with relatively low toxicity and is worth further in vivo experiment as a new strategy in treating echinococcosis. 
